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DOPED SOL-GEL GLASSES FOR OBTAINING CHEMICAL INTERACTIONS 



The present invention relates to a method for obtaining an interaction between reagent/s in a solid support 
and diffusible solutes or components in an adjacent liquid or gas phase, wherein said reagent/s are trapped In 
sol-gel glass (hereinafter also referred to as doped sol-gel glass) which provides the solid support to the rea- 
5 gent/s. 

The method according to the present Invention can be applied to a variety of Interactions between the doped 
sol gel glasses and reagent/s in an adjacent liquid or gas phase. The present invention can be useful in a myriad 
of applications : for quantitative and/or qualitative analyses, for extraction or separation of solutes from liquid 
solutions, and for many other applications. For example, the above method can be useful for detection of ions 
10 by chemical Interaction between the ion/s in an aqueous phase and reagents trapped in the "sol-ger glass, or 
vice versa, via characteristic "color test* reactions, or other routine detection methods. Another example is utili- 
zation of the above method for qualitative and/or quantitative analyses of pollutants. 

The method can be applied as well for medical diagnostic purposes e.g. for detecting inorganic ions and/or 
small organic molecules In blood, urine and other body liquids. Another example, according to the present 
15 invention. Is a chemical interaction between a substrate/antigen in the liquid phase and an enzyme/antibody 
trapped in the "sol-geP glass. 

For centuries. Inorganic glasses have been prepared by high temperature melting methods. This has 
imposed a major limitation upon the technological application of glasses : addith^es were restricted to thennnally 
stable inorganic materials, while precluding the incorporation of labile organic molecules. 
20 A recent major development in material science has been the preparation of Inorganic (silica) glasses 
through the low temperature "sol-ger synthesis (Brinker. C.J.. Scherer, G.W., Sol-Gel Science. Academic 
Press, San Diego (1990)). An amorphous bond network of the glassy material is prepared by the roonvtenv 
perature polymerization of suitable nr>onomers. usually metal alkoxides. according to schemes such as : 
nSi(OCH3)4 + mHjO -> (-0-SM>)n + 4nCH30H + (m-2n)H20 
25 in which water is consumed by 

HaO + Si(OCH3)4 -> Si-OH + CHjOH 
and released by 

2 Si-OH -> Si-O-Si + HaO. 

By sol-gel glass one means any ceramic or organ oceramic material prepared by polymerizatk>n of suitable 
30 monomers (e.g. metal alkoxide mixtures) wherein the polymerization is canied out through the sol gel-xerogel 
stages. 

The result of the polymerization is a transparent porous solid (xerogel) with surfece areas of up to hundreds 
m2/gr and by narrow pores (0.5-500 nm). 

The low-temperature glass synthesis allows doping Inorganic (silica or other) glasses, with essentially any 
35 organic molecule. This possibility was used for trapping of e.g. photoactive molecules by adding the compound 
to the starting mbcture at the onset of polymerization (Avnir, D., Levy D., Reisfeld, R., J. Phys. Chem. 88, 5956 
(1 984)). The compound remained permanently trapped, i.e. non-leachable system have been obtained. These 
doped sol-gel glasses have been used as photoactive materials, such as : 

(a) Dye laser materials ; 
40 (b) Thin-film optical filters ; 

(c) Ruorescent solar collectors ; 

(d) Photochromic and phosphorescent glasses. 

The Interaction between the optical properties of trapped molecules and their environment was employed 
for monitoring the progress of the glass fomnatlon sequence : monomer -> oligomer -> sol -> gel -> xerogel. 
45 This allowed to scrutinize the evolution of such parameters as porosity, water content and degree of (cage) 
polari^ (Kaufman, V.R., Avnir, D., Structural changes Along the Sol-Gel-Xerogel Transitions, Langmuir 2, 71 7 
(1 986) ; Kaufman, V.R., Avnir, D., Pines-RojanskI, D., Huppert. D., Water Consumption During the Eariy Stages 
of the Sol-Gel Polymerization, J. Non-Cryst Solids 99. 379 (1988)). 

Sol-gel glasses demonstrate several technologically attractive properties : 
60 (a) the ability to Isolate a single doping molecule in an individual cage, even at high concentrations of addi- 
tive, thus avoiding Interfering side photophyslcal processes and interactk)ns wRh impurities or photodeconrv- 
posltton products ; 

(b) thermal and photochemical stability as well as transparency In the U.V. range above 250 nnv 

(c) tack of leaching of the trapped compound, simplicity of preparatton, and easy technological manipulation 
65 allowing productton in any desired geometiy. Including fDoYS. 

Surprisingly, It was found that nriolecules trapped In sol gel glasses, may interact with diffusible solutes or 
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components in an adjacent liquid or gas phase In the pore space. Said finding opened a new wide range of 
applications of doped sol-gel glasses as solid media for chemical interactions. 

The present Invention relates to a method for obtaining an interaction between one or more reagents in a 
solid support and diffusible solute/s or component/s In an adjacent liquid or gas phase, wherein said reagentte 
5 are trapped In the sd-gel glass which serves as the solid support Said reagent/s can be any organic compound, 
organometalllc, or inorganic compound, or any biological material capable of being trapped in the sol-gel glass. 

The diffusible solute/s or components can be any organic compound, stable organic radical, organometal- 
lie, or Inorganic compound or biological material capable to Interact with the trapped reagents. 

The Interaction between the reagent In the solid support and the diffusible solute In the liquid phase or a 
10 component In the gas phase can be a chemical Interaction such as for analytical tests or chemical reactions. 
The method according to the present invention can be a specific color test reaction, N.M.R, or E.S.R. analysis, 
analysis via emission or absorption, luminescence, fluorescence, phosphorescence tests and/or electrochem- 
ical tests. The analytical reagent can be a pH indicator, redox reagents or an Ion complexant etc. 

The chentical Interaction according to the present invention can take place between anions or cations in 
IS a liquid or gas phase and reagents trapped In the sol gel glass or vice versa. For example the Interaction nrwy 
take place between metal ions and a specific reagents via a characteristic colour-test roactfon, as in : (1) the 
detennination of Fe*^ cation with o-phenanthrolin, (2) the determination of Co*^ with 1-nitroso-2-naphtol. (3) 
the determination of Ni*^ wherein the reagent Is dimethylglyoxime, (4) the detemfiination of SO4-2 anion wherein 
the reagent is sodium rtiodizonate and BaFj, or benzoinoxime, (5) the detection of H* is one of many examples 
20 for a pH sensors. The analytical test can be carried out by dipping the doped sol gel glass In the soiution and 
ot>ser^ing the resulting color change. 

The above method can be usefiilforthe analysis of one contents in soil, sea water, and rocks (e.g. uranium). 
The sol gel glass according to the present Invention can be In any shape suitable for the test For example 
it can have the shape of rods, discs, cubes, sieves, powder, or thin films coating conventional glass plates or 
25 any other inert solid support Thus, an electrochemical test according to said invention can be performed by 
preparing electrodes coated with doped sol gel glass layers. These electrodes may be used for clinical, analyti- 
cal or industrial purpose, or as biosensors. 

It should be emphasized that the method according to the invention can be useful for qualitative and for 
quantitative analysis. 

30 The method according to the present invention can be applied to detectton and analysis of pollutants in 
soil, in aquatic environments and characteristic water sources (Including waste, Industrial and municipal sour- 
ces, lakes and swimming pools) in food, drugs, or In the air. The method may be applied to qualitative and/or 
quantitative analysis of pollutants. Said pollutants may be for example chlorides, nitrates, phosphates, her- 
bicides, Insecticides, inorganic tons and pollutants of organic origin. Detection devices according to this inven- 

35 tion can be utilized as a prt of continuous monitoring systems. 

The present invention can be utfllzed for extracUng or separating molecular solutes from Iktuld solutions. 
The doped sol gel glasses can be used according to the present Invention for all chromatographic purposes, 
including liquid, gas and thin layer chrcmatography. The extraction or separation Is perfonmed by passing the 
solution through columns made from appropriately doped sol gel material. The thin layer chromatography 

40 according to tiiis invention can be perfonmed on conventional glass plates, paper or other Inert solid support 
coated with doped sd-gel glass layers. 

Medical diagnostic Is another applteatton of ttie present invention. For example, detection of Inorgante Ions, 
smaU organic molecules and other components In blood, urine and otixer body liquids. The Invention can be 
applied also to the firactionatton of body fluids. 

45 The present invention relates, as well, to a meUiod for preparation of bioactive materials (biocatalysts) by 
entrapment of enzymes In a forming sol^el glass, which, following poiycondensation of suitable monomers, 
serves as a solid matrix, bonding the enzyme and conveying to It mechantoal, chemteai and tiiemial stabilities. 

The method, according to ttie present invention, can be applied to a variety of enzymes or enzyme systems. 
Including co-immobilization of co-factors, organic and inorganic ligands, mono- and polyclonal antibodies, and 

so ttteir detection systenns. 

The mett]od according to the present Invention can be useful In a variety of applk»tions. such as : (a) 
biochemical reactions and other bfoconverstons in organic and inorganic solvent solutions, (b) detection or qual- 
ttative determination of organic and Inorgante molecules, which are substrates of ttie Immobilized enzymes, or 
bihibllors, or modifiers of enzyme activity, (c) construction of bloelectronfc detection devices. Including construo- 

55 tion of enzymes electrodes and biosensors. 

Commercial applications of enzymes require successful Immobilization. Immobilization allows reuse of an 
enzyme, protecte It from harsh external conditions, from microbial contamination, and prolongs ttieir useful 
lifetime. There are probably as many Immobfliration methods as there are enzynnes. This proliferation of technl- 
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ques reflects the complexity of the btologicjal material and the variety of its uses. Simple Inexpensive general 
techniques, resulting In stable and actWe enzyme catalyst are sUII in great demand (Kennedy, J. F. and White, 
C. A. In "Handbook of Enzyme Biotechnology" (Wiseman, A. ed.), Blis Horwood Ud, Chichester, pp. 147-207 
(1985)). 

6 An ideal enzyme catalyst should be bound to a mechanically and chemically stable, highly porous carrier. 
The bond linking the enzyme to the support is required to be stable under the catalyst application conditions 
to prevent leaching. The strong binding forces also have stabilizing effects on enzyme activity (Martinek, tC 
and Mozhaev, V. V. Adv. Enzymol. 57, 179, (1985)). The desired Immobiization procedure should be simple, 
mild (non-denaturing) and generally applicable. 

10 Enzymes covalentiy immobilized on controlled-pore glass beads offer an almost ideal solution to the prob- 
lems of the support and of the binding force. However the preparation of catalyst by this Inrvnobilization tech- 
nique Is neither simple nor generally applicable. The beads are costly, require tedious chemical derWatlzation 
procedures, and tack in stabHity due to the continuous leaching of silk:a during prolonged usage (Kennedy, J. 
F. and White, C. A. in "Handbook of Enzyme Biotechnology" (Wiseman. A. ed.), Ellis Horwood Ltd, Chichester, 

15 pp. 380-420 (1985)). 

The most generally applicable immobilization procedure is a simple entrapment of the enzyme In a forming 
gel of natural or synthetic polymers. The main shortcoming of this technkiue istiie loss of the enzyme by leakage 
through a nonuniform net of polymer molecules. Rather weak interactions between the enzyme and the matrix 
result In a relatively nonrestricted diffuslonal movement of polypeptide chains. This can be of a benefit, whereas 

20 conformational transitions are required for successful catalysis. Otherwise, this drffusional fraedom of motion 
can negatively affect Immobilized enzyme stability. 

Several properties of the sol-gel glasses make them espedally attractive as possible enzyme catalyst sup- 
ports : (a) tiie ability to entrap large amounts of additives ; (b) the thermal and chemical stabOity of the nnatrix; 
(c) simplicity of preparation witti no need of covalent modification ; (d) easy technological manipulatton and pro- 

25 duction in any desired geometry, including thin films. 

Recentiy, aggregates of whole yeast cells trapped in thin layers of SIO2 gels deposited on glass sheets 
were demonstrated to possess invertase activity. Thin films with cell-free invertase preparation were devoid of 
activity (Carturan, G., Campostrini, R., Dire. S.. Scardi V. and de Aiteriis, E. J. Mol. Cat, 57. L13. (1989)). 
The present invention relates therefore also to a mettiod for obtaining bloactive materials based on an 

30 enzyme molecules trapped within the porous structure of a sol-gel glass. The entrapment is achieved by the 
addition of a cell-free enzyme to a mixture of monomer or monomers at the onset of pdycondensation. In addi- 
tion to the enzyme and monomer(s), the mixture should contain additives ensuring (1) highly porous nature of 
the fomfiing glass providing minimal diffuslonal limitations to the binding of the substrate at the catalytto site 
and to the removal of the product, (2) tiie stability of ttie enzyme during the polymerization and its tight binding 

35 preventing leaching of the enzyme. 

Unexpectedly, we have found (1) that proteins can be trapped witiiin the matrix of a fonming sol-gel, (2) 
that several cell-free enzymes, belonging to various classed : hydrolases, oxidoreductases, lyases etc. can 
be effectively entrapped In such composite bloactive sol-gel glasses, while retaining high enzymatic acth^ity, 
(3) that strong binding forces retain the enzyme in the matrix, thus producing a consklerable stabilizing effect 

40 The sol-gel immobilized enzymes may be used as biosensors for hormonal tests or for any industrial pur- 
poses. Including diagnostic and synthetic purposes. Said enzymes can be doped in sol gel glass layers coated 
on electrodes for probing any substrate. The enzymatic interaction according to the present invention can be 
applied also to radioactive tests and also for enzymatic column chromatography (crushed powder sol gel glas- 
ses may be used as support for enzymatic column chromatography). 

45 The sol gel glass can be applied, according to the present Invention, as active specific membranes allowing 
selective lncorporatk)n of the trapped ntolecutes or Ions or any other species. 

The abovementioned applications are examples only and do not Intend In any way to limit the scope of the 
invention. 

The present invention relates also to the applk:atk>n of doped sol gel glasses according to tills invention 
50 as well as for the preparation of sol gel glassed and doped sol gel glasses for such applications. 

When prepared as thin fSm tfie widtii of ttie sol gel glass may be from molecular nrwnolayers up to macro- 
scopic layers. Said thin film can be part of multi-layered array of thin films. Said glasses may be supported on 
an electrode or optical support 

The unique transparency of "sol gel" glasses In the range above 250 nm, makes ttiem highly applicable to 
55 quantitative spectrophotometric and spectrofluorinrwtric tests. Trapping of host molecules Is relatively simple 
and does not require specific synthetic methods such as those assocteted with covalent linking of reagents to 
solid supports. Moreover, Inherent properties of sol gel glasses such as high surface area, the wide range of 
available pore sizes and the ttiln film technology, make them highly attractive for potential applications as solM 



4 



EP0 439 318 A2 

supports for a variety of reagents. 
Examples 

5 A. Pfoparation of doped "sol-gel" glasses 

The polycondensation of alkoxysilans Is associated with gelation of the sol. which after drying is densified 
by a mild heat treatment to fomi a glass. The properties of the final glass are detennined by the chemical and 
physical conditions during the process of preparation. They depend upon the ratio metal (e.g. 
10 saane)/alcoholAwater, the allcoxide pH, the presence of a catalyst, the temperature, the drying time and the 
amounts of organic additives, such as surface active agents. 

Pore size and surface area are controlled by addition of acid or base (see Scherer and Brinlcer. 1990, cited 
above). Addition of NaF to ttie starting (TMOS. tetramethoxysilane) solution leads to an increase in average 
pore size. 

IS 1. A standard mixture for preparation of doped "sol-gei" glasses contained tetra-mettioxy snane (TMOS. 5 ml) 
H2O (2.4 ml) and metiianol (6. ml). The appropriate catalyst (examples below) and the desired reagent (exam- 
ples below) were added in ttie required amounts (water or metiianol solutions). Gels were formed within several 
minutes (base-catalyzed) or several hours (acid-catalyzed). Gelation was carried out at room temperature in 
glass bottles covered witfi aluminium foil. The gels were ttien transferred to an incubator and kept at 37^5«C. 

20 The samples were used after tiiey reached a constant weight (about two weeks). The above procedure yields 
glass In any desired shape(rods. disks etc.). 

2. An alternative technkjue of preparing sol-gel glasses is based on thWayer coating of conventional glass 
supports. A characteristic procedure for the preparation of such ttiln layers began witti a mixture containing 
methanollc or etiianolic solution of dopant (85 ml). TMOS (10 ml), tiie surface active agent Triton X-100 (3 g) 
25 and 0.03N HCL or 0.01 N NaOH (3 ml). After mixing the solution was allowed to stand for 30 min at 25-35*0 
and was then used for coating. Coating was perfonned by dipping a glass plate into the solution, followed by 
drying for several minutes at room temperature. The resulting porous coating layer (0.25-0.5 ^lm). 

B. Representath^e examples of reactivity of reagents trapped In sol-gel glasses 

30 

1. Tests were carried out by the immerston for 5 min of an appropriately doped sol-glass In aqueous sol- 
utions containing tons or molecules to be detected. Arrows denote transitions from the reagent-doped glass to 
ttie same glass after immersion In tiie tested solution. The doped glassed represent four dasses of reactions: 
(a) a glass-trapped organic reagent with an inorganic cation to be determined in the solutton ; (b) same witti 

35 inorganic anions ; (c) a glass doped wiUi an Inorganic Ion. testing a solution containing an organic molecule 
(reversal of a & b) ; (d) glass doped with a pH Indicator ^ -u. - - n 

Representative examples of color tests are shown in Rgure I.Top (left to right) : a) Glass doped witti 1,10- 
phenantiirolin after tmmeraton in : b) 10^M Fe^* solution, c) 10-»M Fe^*. d) lO^M Fe^. Glass was prepared in 
the presence of ttie reagent (0.005%) and SxlO^M NaOH as catalyst in the starting aqueous solution. 

40 Middle : Doped glasses (top) and some glasses after immersion in solutions containing several tons : 

iO Reagent for A1»* was quinalyzarin (1,2.5,8-tetrahydroxyanttiraquinone). To ttie starting solution (see 
above) 2 drops of a solutton with the following composition were added : 1 8 cc metfianol containing 0.01 gr of 
ttie reagent. 2 cc pyridine and two drops of 0.1 N NH4OH. b) Reagent for Co^ was nitroso naphtiiol. Starting 
solution contained 0.25% of the reagent and 3 drops of 0.1N HOI as catalyst c) Reagent for NP* was 

4S dimettiylglyoxime (starting solution, contained 0.25% of Uie reagent and 3 drops of 0.1 N NH4OH as catalyst 
d) Reagent for the SO42- anion was sodium riiodizonate & BaFj. 

Starting solution contained 0.25% sodium rtiodizonate, 3,5x10-» gr. BaFj and 3x1(HN NaOH. 
Bottom left : Glass doped wHh Fe^* (top, yellow) after Immersion in a solution containing o-phenanttirolin (bot- 
torn. red). The glass, prepared in ttie presence of an acW catalyst (a few drops of concentrated HCL). was used 

60 before complete drying (container was capped after 3 days). 

Bottom right : Two different reagents for ttie determination of Cu** (top : glass witti reagent, bottom :same after 
immerstonin Cu^* solution). Left : Rubeanto add as a reagent Starting sdution contained 0.1 5% of ttie reagent 
and 0.25% sodium tartaric in ttie presence of 0.01 N NaOH. Right : Benzoinoxime (Cupron) as reagent Starting 
solution contained 0.25% of ttie reagent witti one drop of concentrated HCL After 3 minutes 3 drops of con- 

55 centrated NH4OH were added. 
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C. Representattve examples of bloprocesses involving proteins. 
1. Preparation of sol-gel Immobnized enzymes. 

Enzyme solutions (0.2 ml, 10 mg/ml) in non-buffered water, which may contain various additives were 
5 mixed In the cold (4**C) with either methanol or polyethylene glycol (PEG 400). The concentrations of additives 
(such as e.g. NaF, NaOH, HCI), the volumes of methanol and PEG 400 were as indicated in the examples below. 
Tetra-methoxy silane (TMOS, 1 ml) was then added. The tubes containing the reaction mixture were transferred 
to a shaking water bath at O^'C. The bath was allowed to reach the room temperature during 2-3 h. In samples 
containing PEG 400. the polymerization was completed in about 3 h. AH the liquid remaining on the top of sol-gel 
10 was then removed by suction. In methanol-containing mixtured gelation took place In about 4-5 h. The 
polymerized sol was allowed to dry for a week at ZQ'*0, 

2. Retention of protein by the sol-gel glass. 

Ail the glasses prepared according to example CI were ground to a size of about 60-100 mesh and packed 
m 2 ml-cdumns. The columns were eluted with 0,5 M NH4HCO3 (250 mi), followed by water (250 ml). This cycle 
15 was repeated twice. All washing solutions were collected, concentrated by freeze-drying, and assayed for pro- 
tein content and for respective enzyme activity. It was found that neither significant enzyme activity nor protein 
could be detected in the eluates. 

3. Entrapment of trypsin in sol-gel glasses. 

Tiypsin (E-C. 3.4.21.4, firom bovine pancreas, 11,000 U/mg) was supplied by RAD Chemicals. Rehovot, 
20 Israel. Trypsin entrapped in sol-get was prepared as described In example CI. Assays were performed on the 
washed glasses at 25°C at pH 8 using N-benzoyl-L-arginine-4-nitroanilide (3.3 mM) as the substrate. The con- 
centration of NaF In the enzyme solution and the addition of methanol or PEG 400 (n^ per ml TMOS) as well 
as the enzymatic activity of the glass catalyst (expressed in per cent of trypsin activity initially added to the con- 
densation mixture are shown In the following Tat>le : 

25 



NaF (rM) 


Trypsin Activity (per cent of initial) 


HeOH (ml /ml TMOS) 


PEG (ml/ml THOS) 


0.6 


0.2 


0.4 


0.6 


0 
1 

10 
100 


0.1 11.4 33.0 33.6 
0.6 16.9 24.7 29.7 
1.9 10.0 16.2 23.6 
2.6 4.1 21.6 17.5 



4. Entrapment of acid phosphatase In sot-gel glasses. 
40 Acid phosphatase (E.C. 3.1.3.2, from wheat germ, 0.45 U/mg) was purchased from Sigma. The acid phos- 

phatase-containlng sol-gel glasses were prepared as described In the example C1 . The assays were perfonmed 
on the washed glasses at 25*'C at pH 5.6 using p-nltrophenyi phosphate (6 mM) as the substrate. The activity 
yield, calculated in percents of enzyme activity used Initially for the preparation of glasses, is shown In the fol- 
lowing Table : 

45 
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SOLVENT 


NaF, mH 


1.0 


3.0 


10. o' 


ACID PHOSPHATASE YIELD, % 


Methanol 0.6 ml/al 
PEG 400, 0.2 nl/nl 
PSG 400, 0.4 ml/ml 


1.9 - 39.2 
46.6 56.4 21.1 
39. B 41.0 46.7 



5. Thermal stability of immobilized acid phosphatase in different sol-gel glasses. 

The acid phosphatase-containing sol-gel glasses (example C4) were Incubated at 70«C in citrate buffer 
(pH 5.6, 0.1 M) for various periods of time (up to 5 min). The activity of add phosphatase was determined, as 
described in the example C4. 

The half-life time was calculated assuming the 1 st order inactivation kinetics. The half4ife time of the sol- 
uble enzyme at the sanoe conditions was below 0.1 min. 



25 




NaF, mM 


SOLVENT 


1.0 


3.0 


10.0 






HALF-LIFE TIMES AT 70"C, mln 


30 


Methanol 0.6 ml /ml 






3.9 




PEG 400, 0.2 ml/ml 


3.3 


3.3 


12.0 


35 


PEG 400, 0.4 ml /ml 


3.2 


3.1 


3.5 



6. Entrapment of peroxidase in sol-gel glasses. 

Peroxidase (E.C, 1.11.1.7, from horseradish, 200 U/mg) was obtained from Signw. Sol-gela doped with 
40 peroxidase were prepared as shown in the example CI. All the glasses prepared the addition of PEG 400 
were adh^e, although it was not possible to dotem^ine the extent of their activity quantitatively, since the dye 
fomied by oxidation of several substrates was adsorbed strongly in the glass. Semi-quantitative comparison 
of ttie dye stain shortly after the addition of the assay mbcture Indicated Improved activity yields at higher con- 
centrations of PEG 400. In contrast to trypsin and catalase. sol-gel glasses made at elevated concentrations 
45 of NaF were rrwre active. Glasses prepared in methanol-contalning matures were devoid of peroxidase acthrity. 

7. EnbBpment of trypsin in sol-gel glasses. 

Trypsin solution (1 ,0 ml. 2 mg/ml) in non-buffered water was mixed with either 20 mM NaF (0.1 ml) or the 
same volume of water, and witti one of ttie following : (1) nrwUiand, (2) polyettiylene glycol solution (PEG 6000, 
20% w/vd In water), or (3) glycerol solution (75% w/vol In water). The mbcture was cooled to 4*0. Telra-metttoxy 
60 silane (TMOS, 1 ml) was then added. The tubes containing the reaction mbcture were transferred to a shaking 
water batti and allowed to reach ttie room temperature. The polymerfeed sol was allowed to dry for a week at 
30'C. The resulting glasses were treated as described (example C2). Trypsin activity of ttie trypsln-doped sol- 
gel glasses exprsssed as ttie yield of activity used for ttie preparation of ttie catalyst Is presented in ttie following 
Table. 

55 
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ADDITIVES 


TRYPSIN ACTIVITY, % of initial 


♦NaF 


-NaF 


Hethanol 


17.2 


26.8 


PEG 6000, 


51,3 


46.1 


Glycerol 


62.0 


38.1 



10 

8. Entrapment of aspartase in sol-gel glasses. 

Escherichia coli cells (ATCC 1 1303) were cultured as described (Chibala, I, Tosa, T., and Sato. T. Meth. 
Enzymol. 44. 739-746 (1976)). Saline-washed cells (4 g wet weight) were suspended in water (2ml) and dis- 
rupted by sonication. The homogenate was cleared by centrifugation (1 0.OOOxg. 30 min, 4'»C) and used for the 

15 preparation of sol-gel glasses. The homogenate (0.5 ml) was mbced with NaF solution (0.2 ml) at the concen- 
trations indicated in the Table below. Methanol (0.8 ml) or PEG 400 (0.2 ml) was then added followed by TWOS 
(1 ml). All the additions were made at 4°C. The resulting sol was kept overnight at room temperature and then 
washed with an excess of 50 mM phosphate buffer pH 7. Aspartase activity was measured and expressed in 
jimoles/min/g cells (wet weight). The results are presented in the Table. For comparison the polyacrylamide 

20 gel-entrapped whole cells from the same batch, prepared according to Chibata (1976). possessed aspartase 
activity of 133 ^moles/min/g ceils. 



25 



NaF 
solution 
mM 


Aapartaa* Activity, ^ole/mln/g cells 


HeOH (al/ml THOS) 


PEG (ml/nl THOS) 


0.6 


0.2 


0 
1 

100 


105.0 79.0 
15.8 127.7 
64.5 39. 



35 9. Preparation of protein-doped glasses by NaOH catalyzed poiycondensation. lmnrK)bilization of alkaline phos- 
phatase. 

A mixture of tetra-melhoxy sllane (TMOS, 5 ml), methanol (6 nr^) and 1 mM NaOH in methanol (0.1 ml) 
was cooled to -20°C and mbced with an ice-cold solution (0.9 mi) of alkaline phosphatase (ALP, E.G. 3.1.3.1 
from bovine intestinal mucosa. Type l-S. 8.5 U/mg, Sigma Chenn. Co) containing 1 .5 mg of the enzyme, A doudy 

40 mbcture was allowed to reach room temperature under stirring. The resulting viscous opaque material was kept 
for 1 0 days at 37''C. During this time the glass formation was completed and It reached a constant weight The 
glass was ground and washed as described In the example C2. The enzyme activity was determined In NaOH- 
glycine buffer (40 mM, pH 9.5) at 25°C using p-nitrophenyl phosphate as the substrate. The yield of the alkaline 
phosphatase activity after Immobilization was estimated at about 30%. The half-life time of the immobilized 

45 enzyme at 70**C (pH 9.0) was 4.7 mIn, as compared to 2.6 min for the soluble ALP at the same conditions. 
10. Imnttbiilzation of chitinase 

The glass trapped enzyme was prepared by adding 1.0 ml of the enzyme chitinase (EC 3.2.1.14. doned 
from Serracia marcensens and expressed In E. coll, 200 units) in the phosphate buffer (10 mM, pH 6.3), to a 
solution obtained by stirring 3.0 ml methanol and 2.ml TMOS for 15 minutes. 

60 11. Antibody reactions 

lnterieukin-2 receptor (IL-2R) is the protein that mediates the action of lnterieukIn-2 (IL-2), an immune sys- 
tem growth homx>ne. Levels of soluble I L-2R have been shown to be elevated In a number of pathological con- 
ditions, and may thus be of significant prognostic value. We have used an AntHL-2R monodonai antibody, 
trapped in a sol-gel glass, to determine IL- 2R, using a sandwich Immuno assay test (cell-fires lnterteukin-2 

55 Receptor CK 1020, 96 Test kit. T Cell Sciences, Inc., Cambridge, MA, USA), Trapping of AntWL-2R monodonai 
antibody in a "sol-gei" glass was carried out with a starting solution composed of methanol (3 ml), TMOS (2.5 
ml), 6 mM phosphate buffered saline (PBS. 0.25 ml) and AntHL.2R antibody (0.25 ml, from the kit). After sUrring 
for 50 min. the sample was allowed to stand for 5 days at 27^C. 
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The resulting glass (4 mg, 0.4% of the total amount) was cojshed and washed three times with 350 jil of 
the "washing solution" from the kit (0.2 ml surfactant in 200 ml PBS). To this solution 1 00 the "sample diluenr 
(buffered serum protein) and 50 nl of the human IL-2R standard "solution" were added and mixed for 15 sec, 
followed by covering and incubating for 2 hours at 37'C. After three washings, 100ml peroxidase- conjugated 
Anti-IL-2R antibody soluUon was added and incubated at 37«C for 2 hours. After three washings with the "wash- 
ing solution", 100 pg of o-phenylenediamine dissdved in a "substrate diluent" (buffered H2O2) were added and 
incubated for 20 min at room temperahjre. An absorbance OD^w^ 0.93 was recorded, compared to 0D4«r 
0.357 obtained wrth the above commercial kit , with a simflar amount of Anti-IL-2R monoclonal antibody absor- 
bed into polystyrene microtlter wells. 



Claims 



1) A method for obtaining an interaction between reagent/s in a solid support and diffusible solute/s or com- 
ponents in an adjacent liquid or gas phase wherein said reagenl/s are trapped In a sol-gel glass (hereinafter 
also referred to as doped sol gel glass) which provides the solid support to the reagents, wherin a sol-gei glass 
Is any ceramic or organoceramic material prepared by polymerization of suitable monomere, such as metal 
alkoxide mixtures, wherein the polymerization Is carried out through the sol gel-xerogel stages. 

2) A method according to claim 1 wherein said reagent/s are any organic and/or stable organic radical/s 
and/ororganometallic and/or inorganic compounds and/or material of biological origin, capable of being trapped 
In said sol-gel glasses. 

3) A method according to claim 1 wherein sakl diffusible solute/s or components are any organic and/or 
stable organic radical/s and/or organometallic and/or inorganic compound and/or material of biological origin, 
capable of interacting with the trapped reagents. 

4) A method according to claims 1-3 wherein a sol-gel glass support is deposited on. coated or mixed with 
other material, such as fibers, polymeric matrices, metals, glass or other organic and inorganic surfaces, or 
prepared by co-pdymerizatlon. 

5) A method according to claim 1-4 wherein said interaction is a chemical interaclton for synthesis, for 

adsorption, for chemisorption. 

6) A method according to claim 5 wherein sakJ chemical interaction is an analytical test for detecUon or 
quantitative determination of any organic, inorganic or metalloorganic compound, ion or radical. 

7) Amethod according to daim 6 wherein said chemical interaction takes place between solute/s in a liquW 
phase or components in a gas phase with analytical reagent/s trapped in the sol gel glass, or vice versa, via 
characteristic color-test reactions. u j • -i 

8) A method according to daims 1-7 for analytical purposes using any known analytical method indudmg 
absorption or emission off electromagnetic radiation, N.M.R. and E.S.R. 

9) A method according to daims 1-8 for tiie analysis of ore contents in earth, rock or water (e.g. uranium). 

10) A matiiod according to dann s 1-7 wherein the analytical reagent is a pH indicator. 

11) A method according to daims 1-9 for the detemilnation of Fe^. Al^*, Co^*, Ni^, 804^ and Cu** tons 
using sol-gel glass doped with a reagent specific for each ton/s. 

12) A method according to daims 1-1 1 wherein ttie sol-gel glass Is In the shape of rods, sieves or any other 
shape or thin films of sd-gel glasses coating conventional glass plates, metal or any other solid support 

13) A method according to daim 12 wherein an electrochemical test Is performed by preparing electrodes 
or enzyme electrodes coated with doped sol-gel glass layere. 

14) A method according to dain 13 wherein said electrodes are piezoelectric electrodes or any other elec- 
trodes for dinlcal and/or analytical and/or industrial use or as biosensors. 

15) A method according to dakn 1-4 for extracting or separating molecular sdutes from liquW solutions. 

16) A method according to daim 1 5 wherein the doped sol gel glasses are for an chromatographic purposes 
induding llquW, gas and thin layer chromatography, and Induding cation and/or anion exchangere. 

17) A method according to daims 1-16 for qualitative and/or quantitative analysis of pollutants In food, 
drugs, air, sofl or aquatic environments and characteristic water sources, Induding waste. Industrial and muni- 
cipal sources, lakes and swinrunlng pools. ^ ^ u ^t^A 

18) A method according to dabn 17 wherein ttie pollutants are chlorides, nitrates, phosphate, herbicides, 
Insectiddes, Inorganic tons ; and pollutants of organic origin. 

19) A method according to claims 17, 18 Induding monitore for fdod degradation. 

20) A method according to daims 1-14 for detecting Inorganic tons and/or snrmll organic molecules and/or 
ottier components In blood, urine and other body Ikjulds for the purpose of medteal diagnostic. 

21) A method accorting to daims 1-6 wherein said Interaction is between enzymes with or without a co- 
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enzyme or other co^actors in the liquid phase and a doped substrate such as imnrunoglobulins, antigens, or 
other chemical or biochemical species trapped in the sol-gel glasses, or vice-versa. 

22) A method according to claim 21 wherein said enzyme/s are any materia! of microbial, animal or plant 
origin displaying enzymatic activity and essentiatly free of viable cells. 
5 23) A method according to claims 21-22, wherein entrapment of the protein in the forming sol-gel is carried 
out in the presence of a solvent or an additive. 

24) A method according to claims 21-23 wherein the enzyme catalyst is used to carry out a chemical reac- 
tion In liquid organic/inorganic solvent or in a gas phase. 

25) A method according to claims 21-24. wherein the enzyme is a hydrolase (e.g. trypsin, alkaline or acid 
10 phosphatase, chitinase, lipase, lactase, aminoacylase, penidiiln or cephalosporin acylase). 

26) A method according to claims 21-24, wherein the enzyn^ Is a lyase (e.g. aspartase). 

27) A method according to claims 21-24. wherein the enzyme Is an oxidoreduclase (e.g. peroxidase, glu- 
cose oxidase). 

28) A method according to claims 21-23 wherein said interaction is for hormonal tests. 

IS 29) A method according to claims 21-23 wherein the interaction Is between the glass trapped antibody and 
its diffusible antigen (e.g. monoclonal antibody against interieukin-2 receptor and the interleukln-2 receptor) or 
vice versa. 

30) A method according to claims 1-5 wherein the sol gel glasses are used as active specific membranes 
allowing selective incorporation of the trapped molecules or ions or any other species. 
20 31) A method according to claims 1-5 wherein a doped sol contains a reagent for organic synthesis, such 
as redox reagent, acid-base catalyst etc. 

32) A doped sol gel glass for utilizing the method according to daims 1-31. 

33) A doped sol gel glass according to daim 32 wherein said glass is prepared as a thin film forming molecu- 
lar monolayers to macroscopic layers, or forming a part of an array of thin films. 

25 34) A doped sol gel glass according to daim 33 wherein said thin film is supported on a solid support, Indud- 
ing optical material. 

35} A doped sol gel glass according to daim 32 wherein said glass, dry or colloid, is produced by any suit- 
able polymerization process. 

36) A doped sol get glass according to daim 32 wherein said glass is prepared as thin sieves. 
30 37) A doped sol gel glass according to daim 32 in which more than one analytical reagent is trapped, fonnrv 
Ing a multiple purpose analytical glass. 

38) A doped sol gel glass according to daims 32-37 wherein the distribution of the doped reagent/s is not 
homogeneous, but follows a predetermined gradient 

39) A doped sol gel glass according to daims 32-38 wherein sakJ glass is designed to be swallowed or 
35 implanted In the body. 

40) A process for the preparation of the sol-gel glass for the purpose of utilizing the method according to 
daim 1 wherein metal alkoxkles, seml-metal alkoxides. metal esters and semi^etal esters monomers of the 
fonnula M(R)„(P)m In which M is a metallic and/or semknelalic element. R Is a hydrolyzable substituent, n Is 
an Integer between 1-6, P la a non-polymerizable substituents and m Is an integer between 0-6. are polymerized 

40 or co-polymerized with an organic polymer under addle, neutral or basic conditk)ns resulting In a transparent 
porous xerogel. 

41) A process according to daim 40 wherein M is Si and/or Al and/or T1 and/or Pb, R is alkyi and/or aryt 
and/or alkoxy and/or aryloxy and n is 2, 3 or 4. 

42) A process according to daims 40 and 41 wherein the sd-gel glass Is a composKe of two or mors of 
45 the M(R)n monomers. 

43) A process for the preparatton of the doped sol gel glass for utilizing the method according to daim 1 
wherein the dopant/s are trapped In the glass by adding a solutton containing the dopant/s to the starting 
polymerizing system. 

44) A method according to daims 1-43 substantially as described and exempliTted above. 

so 45) A doped sol gel glass according to daims 1 -43 substantially as described and exemplified above. 
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